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* Chrysotile Ashestos and Health in Zimbabwe:
. l-Analysis of Miners and Millers Compensated
..for Asbestos-Related.Diseases. Since

" Independence (1980)

Mark R. Cullen, Mo, and Rabelan 5. Baloyl, FhD

Dats on the health effects cansed by locally mined chyysotle asbestos in Zimbabwe have
bean very limited, The prevailing loca] vicw kas becn that rick is tinima). In thic repon
we critically reussess the cases of 51 individuals with asbestos exposupe who have been
compeasatad by the Central Pacumnconiosic Bureay sines independence in 1980. Rer
slts demonstrate thar the major heeith risks of exposurc reported elsewhere—mozbid
asbestosls, ponmalignant plevra) discase, makignaar mcsothelioma, and lung canesr—all
occur in Zimbghywe, at lcast umong woxkers in the asbestos mines and mills, It fs
concluded that further investlgation and control mesgures i the industry are warranted,

Key words: asbestosis, plenrat ditcase, mesothilioma, luog caneer, chrysofile miners, thrysotile
millers

INTRODUCTION

As one of the world’s major suppliers of chrysoule asbestos and producer of
stveral important asbestos products, Zimbabwe has a sizeable population exposed 1o
thc mineral, occupationally and environmemally. Currently, some 7,000 men are
engaged in mining und milling of the major ore bodies in the Midlands, with another
3,000—4,000 engaged in the manufacture of asbesios construction materials (cement,
asphait, tles} and automotive products (brakes, gaskers, elutches). An undetermined
number of peaple are further exposed In the use, repair, and disposal of these ma-
terials, Some 40,000~45,000 people live within a few kilometers of the mills and
mines; a large portion of the population Iives and werks in buildings made from
asbestos maerials.

Despite these exposures, some of which have been ongoing for decades (the
mines opening about 1910}, there is general optimism among local observers that
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health effects bave been limited ang 8 suggestion that the product itself—a hugely
important export commodity—may be safer than amphibole or even chrysotile as-
bestos mined and processed elsewhere in the world, Although some of this impression
may result from pechaps premature acceptance of some published opinions from
Europe asd North America regarding the lesser toxicities of chrysotile geremally
[Cullen, 1987], at least some opinion has been founded in observation, or rather lack
of observations of asticipared vequelae, e.g., asbeatosis, lung cancer, or mesathe-
lioma. .

Four papers have been published on the subject. Gelfand and Marion [1969)
reviewed the asbesios-associated cases certified by the Pneumoeoniosis. Burean be-
tween |963 and 1967. Only 37 cases met intermational eriteria for asbestosis, once
cases of apparent silicosis or tubereniosis were excluded. The awhors, withqut critical
analysis of their data souree, extrapolate from the results quantitative avidence of a
very low rate of asbestosis given the 1otal numbers appareatly 2t risk.

In 1977, Walker, a mine physician, described the absence of even a single case
of malignant mesothelitmna either in his personal experitnce or, to his knowledpe,
anywhere in the country. He also commented on the rarity of asbestosls ang ashestos-
related pleural disease in the mining populations be had cared for but did not provide
quantitative information, . . . -

Two.years later, Mostert and Meintjes [ 19791 reported $ix cases of rallwaymen
who had developed asbestosis {four cases) and mczothelioma (two cases). Thelr
careful review of exposures, however, clearly documented that each man had had
some exposurcs to sonlocelly mined amphibole fibers; indecd, cach had worked
during the time when crocidolite asbesios was being imported and used by the rail-
roads- :

{n 2 note published in 1983, Mossup commented again on the rarity of asbestos-
related diseases in his experience, claiming further that few cases were being iden-
tified by the Pocumoconiosis Burean despite expansion of its role, He presented, as
well, results of a proportional cancer mortality analysis of asbestos miners done using
the cancer registry of the Mpilo Central Hospital, which draws refeomls from the mine
atca. These data show that only [2% of all cancers registersd among asbestos-
exposed workers were primary bronchogenic, 2 rate similsr #o other occupational
#roups; this would suggest the ahsence of an asbestos effect, which would be ex-
peceed to el2vate the proportion of lung cancers as well as the rotal incldence of cancer
cases (which could not be assessed by this method).

In an a3 yet unpublished stdy, Armstrong and Elmes [1985] performed a
cross-sectional survey of all active asbestos cement plant workess énd 3 sample of
asbestos mine and mill workers with more than 10 years of xposure. Amenhg cemment
workers, for whom measured end extrapolated exposure Jevels were available, a clear
dose-response of asbestos fiber o forced vital capacity snd tadiographic changes was
demonstrased, consistent with previous smdies of the cement industry in other coun-
tries. At th mines snd mills. partnchymal mdiographic abnormalities (ILO grade 1/0
or greater) were noted in 20% (mincs) and 26% (mills), although the representative-
ness of the sample was not verified. As well, no doso-response could be shown on
hmg function using a surrogate index of exposure, years of expoqure. No actoal or
reconstracted air tevels were availsble at that time for the anelysis.

Given these very limited data sources, it was the aim of the preseat investigatots
to gain 2 clearer picture of the risks in the various exposure settings for malignant and

LAY Pt e S B &

ryn



edile

Health Effects of Zimbabwean Ashestos 163

nonmalignant disorders most closely associated with exposures to ashestos in other
countries. Ideally, a monality study using conventional techniques would have been
proposed. However, given the very crude stare of health statistics in the country
generally, and the recopnized fact that canse of death can rarely be ascermined for
nural populations, such an approach was not feasible. On the other hand, the nation
has had a functioning Preumoconiesis Bureay for almost 40 years. Despite obvious
limitations to this existing sotrce, it was detenmined that information at the Burean
could be utilized to make certain qualitative and even semiquamtitative judgements
regarding the occurrence and rate of some disabling and lethal sequelas of asbestos
exposure. The steatcgy, resalts, and intetpretation of these data are presented here,
Subsequent to this efiort, a cross-sectional health fiwvey of current ashestos minecs
and millers was conducted to elucidate dose-response relationships for nonmaligna
respiratory. disease; these data appear as 2 companion article [Cullen et &]., this issue].

MATERIALS AND METHODS
Preumoctniosls Medical Bureau Practice

Zimbabwe has had a Ppeumoconiosis Bureau since 1949, In 1984, a law was
passed requirkag universal surveiliance of miners and others in ““dusty trades,™ pri-
" matily those directly associated with mincs; prier to that Ume, X-tays were perfomed
: y em more skilled or managerial persounel only, Chest X-rays represcnting
" “'Initial" (first ever) or *‘periodic’ (routine follow-up) examinations are obtained by
cwployers and mailed 1o the central facility in Harare, Films are accompanied by a
bricf questionnaire and medical report, which generully provides age. summary work
history, and job titte. After registration, films and records are reviewed by a Medical
Pancl consisting of  chest surgeon, 2 radiclogist, a public health physician, and mine
doctors. The purpose of the review is to certify: 1) fitness for work; and 2} eligibility
for compensation on a four-grade sealz. ln additien to miners. workers from non-
mining Industrics suspectad of having pneumoconiosis may apply 0 the Bureau for
compensation, slthough rouatine X-rays arc required only at mining facilitics. faw
ether indnstries routinely ofxain them.

Since this study would be Timited to cases selected by the Medical Burcsu, the
sclection process itsclf was investigated in a preliminary step. After gbservation of
severnl workdng secsions, a sample of approximately 500 newly arrived (varsad)
films wers blindly read using the JLO system by one of the authoss (MR.C)), a
NIOSH-certified B reader, and results were compared to subsequent readings by the
Bugeau. In this comparison, jt becane evident that fewer than 10% of grade 1/0 of L7t
fitms (about 5% of iotal) were designated ubnormal by the panel, whereas most films
grade 172 orhigher (about 1% of films) weze identificd for compensation. Thus it was
‘appreciated at the outset that the identifled cases would, in general, reflect those of
moderate or greater scverity, at least radiographically, rather than the group of ull

" miners and millers with abhermal findings,
Caze Sclaction Evaluation and Analysis
" The records of all cases of ocewpational lung disorder certified since 1980 were
Toviewed to establizh place of cmployment, Al] those from places in which asbestos
wis known to be mined, processed, or used were selectzd and an ¢ffon mads to locate
the full X-ray folder and compensation file. Once located, the epfire cBSe Wwas ra-
viewed in order to establish best diagnosis, using all available data sources, including
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the X-rayy, demographic data, medical and oceupational histories, and laboratory
reports. The basis for best-evidence diagnoses and vital status when kngwn was also
vecorded. Floal analysis was limited to cuses meeting the following criteria. 1) Best
evidence diagnosls was of an usbestos-related disease (asbestosis, benign pleural
discase, lung cancer. or malignant mesothelloma); 2) Exposure o asbestos otcurred
exclugively at a Zimbabwe asbestos mine or mill, since general knowledge of expo-
sures to the total -workforce is available and because wpiversal X-tuys have been
perforined during the period of intercst.

RESULTS

Among “the spproximarely 300 men cestified by the Burcau as baving
occupatiopal lung disease since 1980, 54 were identified as baving worked ar some
time at an asbestos mining or manufacturing facility. Complete Bureau records and
Xemay files were available on 51 of these men, who thus (omaed the study
population.

An atrempt was made first to assign a chinical-radiologic diagnosis in each case,
based on the rcords. In most cases, this was accomplished by radiographic infer-
pretation coupled with review of reports of physical examination and sputum smears
and cylturs for acid-fast bacteria. This strategy was necessary because, in the majoricy
of cascs, no detailed clinieal evaluation, ¢.g., functonal smdiss, bronchoscopy,
biopsy, tic., had ever been conducted and panents were dispersed geographically,
Even among the 17 confirmed 10 have died, only five had reccived postmortem
examinations, but two others had had premoniem lung biopsies. Notably, biopsy ar
autopsy results were the initial basis for compensation in six of these seven cases;
only ont man in the series had been certified for compensation on clinical grounds
tnd subsequenty had hisologic (postmottem) confirmation of diagnosis,

Using this classification strategy, diagnoscs weze as follows: Ten cases had
tuberculesis, smear- and culre-proven in 6iX, suspected and treated clinically in the
other four. In none of these cases could underlying preumoconiosis be established.

Eight cases met radiographic eriteria for silicosis (l.c., symmetric small rounded

opeejties), simple in two and complicated In six. Among the latter, two wers dem-
onstrated to have superimposed pulmonary wwberculosis by culture or biopsy; the
remainder hed eypical features of progressive massive fibrosis. Interestingly, in five
wases, No exposure o Qust other than asbestos mining or milling could be docu-
mented.

§ix cases appeared not to have diseases primarily associated with dust or fiber
exposures. One had chronic obstructive pulmonary discase demonstrated functionally
and radiogrephically. A seopnd had autopsy-documented adenocarcingma of the pros-
tate. Two had focal infiltvates most comsistent with infectious pneumonktis. One bad
clinieally recognizad congestive carding failure. The last had 2 diffuse, symmetric
profusion of thick irregular opecities (YLO U/L) associated with hilar and paratracheal
node enlargement, most consistent with soms granulomatous lung discass, likely
sarcoidosis; ineufficient data were avajlable for better classification,

This lefi 27 men with findings consistent wztk one or more of the asbestos-
agsoclated diseases, Detailed clinical and ocouparional duta on these workers appears
in Table 1. The findings can be summarized as follows: .
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1. Thres ruen, all with exposure exchisivély in Zimbabwean mines and/or mills, had
evidence of asbestos-associated plenral plaques. without parenchymal changes.
All were alive and working, apparently without impairment.

2. Three men with otherwise normal X-rays precented with clinical and rdiographic

- featires of chest walignancies. One case was proven at open wsection to be
malignant reesothelioma. In the other two, vo pathologic diagmosis was
achieved—one radiographically resembled mesothelioma, the oter a primary
bronehagenic twaos,

3. Twenty-one men had radiographic and/or pathologic evidence of asbestosis. OFf
these, one had been exposed making asbestos cement only, and 2 others hiad besn
exrensively exposed to asbesios outside Zimbabwe: the other 18 had been exposed
exclusively in the Zimbabwe mines and/or mills.

The 18 asbastosis cases associated with Zimbabwe mine/mill exposures only
were further analyz2ed. Eight of these men were established to be dead by 1988, three
from likely malignancies {gne confirmed mesothelioma), five from progressive
reapirstory failure and/or cor pulmonale, Among the ten who survived, the severity
level of disease, judged radiographically, was geacrally high, all but three being ILO
profusion grade 1/2 or greater at the time of disgnosis. In general, exposures among

thess cases were of long duration, tanging from 17 to 37 years, with a mean of 22.3;

lat=ncy prior to disease recognition was comparablé (range 17-42 yeurs, mean

Sy &)
" DISCUSSION

Despile the obvicus iimitations of a case series of the kind presented here,
limited inferences may be drawn from these data, which could provide a ratianale for
some changes in clinical and publlc health practice in Zimbabwe as well sy a basis for
more substantial scientific inguicies in the future. Coupled with data from the cross-
sectional study of the mining industry [Cullen ec al., this issuc]. & more secure

. justification has been developed for undertaking these enstly actlvities.

Looking first at the shortcomings, the most obvious problem is the underrec-
ognition biug introduced by looking at a workers™ compensartion-derived rerics. Al-
though the active workers at the asbestos mines and mills have been under medical

" surveillance duting the study period, there is no capacity in the system to follow-up
- miners who have quit or retired from the industry, except for those who remain in the

mining arcs and voluntarlly utilize mining health services: the demographics of the
workforce sugpest that the majority rewurn o their familics in their rogion of osigin.
Among these, it is unlikely that most asbestos-related diseases would be recoghized
or a ease filed given general lack of awareness about the problem In mowt nural areas
and the impediments to fillog. The problem is compounded by the fuct that ung
cancer and mesothelioma have not been formally listed as compenssble disorders,
which conld furiher reduce reporting for these conditions, That this bias is opcrating

is suggested by the fact that over three-fonrths of cases studied in this serics were

actively working when first diagnosed.
It 35 also clear that the series severely underrspresents workers or ex-workers
with grade 1 pareachymal changes on X-ray. In the series, only three nonfacal cases

- - had changes below category 172, whereas eight had died, implying  highly skewed

sexies in terms of casc scverity. That a large number of lower prade cuses have
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TABLE T. Cases Certilled by Zimbabwe Pratmocen]
Age and Vral siatas
Cue  youwrof Basis for Exposure {ycar of
., dlognosis Diagnosis disgnmit periond Sie* Iob liile death) Cormtments
b 150980 Asbestosin Biopsyipomonera  1965-)9E0 I Mill ubaver Dead {1982) Rupid progression |J30-RZ; i chext ﬁ
) X-t2y 21 11 with biteierd ploques 5
2 S4719T  Probable Chest X-nay 194919682 ' Mill mweeper Dc2d {1987] Normal X-rays 1983; pleural muas poied
mesolheliorn PYCMOILEM; MU POSWODES: exmpinalion L
Y  GA/I9ET  Asbesimals Chest X-my; 122 (969~ 1970 t Electcpiant Alive Prior erpomure in shipysnds, power il
plencal snlians, taikeonds begiming 1942 ol
calcificubans S
4  SS/E980  Asbostoetelated  Chet X-ray V| 19471980 1 Mill operaior Alive Q
plexval ditease  bilaleral plagues 4
wilk ealeificaions E
5 4411982 Ashesiosis Chest Xy 22 14 1957-1962 1 Ming drifle Deed 1E983) Death cenificale; cur pylmonale; oo
Hight pleoeal peomtmortam -
|hickenixg -
& 531981 Asbestosis Cheat Xemy 142,54 1964—1980 2 Mine lubarer Alive Prior pickel, goid minc expasre
bilatera)
1 6VI98E  Asbeslosis Chesl Xopay M2 o 1949 -1986 L Mime luburer Alive
T Unkwnown' Asbesosin; Long biopsy; chest  1948-1970 1,2 Mine Inboter Dead (1980) Maex on X-ray in 1979, acpelive
1980 protiebie Jung X-ray bronchoscopy, 1979; open .
. canoer . lung—asbesiosis; cuncer mot ideolified
9 SLH%E}  Asbesioabe Pottmocizm 19521983 v Mifl operskar Derd {1983) Premocten X-m2ys of poor quality;
Posimariem revesled ndvanced Bbresa
ik (eregineas bodles
10 6421985  Asbestoshe Chest X-ray 22 g0 19511980 1 ML attendam Alive
bilaterat plaques
11 65/(985  Prchable luap, Chest X-ray 19321980 2 Wi 1ahorer Unkoown  Negative AFB siwdies in 1983 ao
cameer foltow-up ovailabic
5 12 7201986 Asbestosiy Chest Xoriy L/h L 1955-19T1 2 Underg roind Allve Croctidolile mining $951-1955;
- bilatea] plaques manager ponasbezias mining 19331951 and
. with ¢aleifesiion 1971-1983
..j..'.. 13 461986 Asbesiotic Chest X-ruy 1D, ¥/q  I1966-1586 1,2 . Sanbtion wotker  Alive )
v A0 rr e biliers} plagers P N RN i LS




gyl P 4 S« o K R AR Wi, DU I LYl A Mill dpersior Ocad (198%) Nn postmorioc craminstion - ' & L
KA ; pormal plews o ' ' :
1§ Unknown/ Arbestosie Chexg Xy 121, sA 19521986 ] Welder, plier Adive
1486 . unliateral plegue
16 Dmknows Asbesloi-rolarnd  Chest X-my WO, 19621956 3 Mipe hahoree Alive Gokd and coppor mining expasutes afier
1985 Peonl diseass tisicrl plaques 1366 :
17 983 Ashesiosis Powmortem 19461967 | Mine fuborer Desd (1987) Proterminad Xersy 212 tu diffues plears
thickeaimg. :
19 Usimown! Ashesiosls Chest Xesiy 171, s2a 19711984  Cemeni Swecper Alive
[9494 noml pledra Taclory
19 521984 Malignany Biopsy 19691981 2 Fities, furnee Uoknowa  Preosflgrancy X-ray (1987} naoma)
metoihelinma
M IB98d  Maligmunt Posmorizm 19511952 4 Manager Dead (1954} Premallgoancy chest X-ray (10, 32, mormal
mexothelioma ploixe (1973 '
i Llnknown! Asbeptosis Cheg X-tay 23 5t 19631973 5 Loader Alive Henled aplcal bercutotls
1984 bilateral plagues :
22 G¥1983  Asbesiosis Chest X-ray Y2 W1, 19401983 2 Lacher Aliyve
. bllsicm) plaques
23 621950 Ashestosit Chest Xetay I2vig. 1957-1980 t Mill sweeper Alive Nodules midzomes; Tmixed dost
normal pleury pheymoronicals
24 Unknows Asbesiosls, Chest X-nay 10 s, 19601945 1 Gang kader Dexd (1986} No posimartemn examinallod
1980 profuble noewal
erminel plorfpleural mass
mezothellomn 3 years Ister
w5 hung caaer
23 AWM Asbestusis Chep X-tay T h 1960-1972 ! Mill apemior Altwe
bilutersl plagues
W ANIFEL Asbesios-rebated  Chest X-rey WD 1956 1982 L3 Blosier Adiva
pleiral disesse calaibed bifateral
plsques
27 6|98 Afhoatolis Chegl ey M it | 40-1957 ! Diliter Alive
noroal plevna,
oper-bung binpsy

"Sites: 1, 2, active ashestos minew'mifk, 1-5, closed ashesios oinet/mills.
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" escaped detettion by this method has been proven by the fadings in our own

cross-sectional study [Cullen et al., this issue}, in which 8.7% of workers with more
than 10 years of expostire had such changes (categorics 1/0 and 1/1), and in the
provious stady by Elmes and Armstrong [1985]1, who found over 20% in this
caregory range. Given that each of the approximazely 3,000—4,000 active wotkers
with this amount of experience bas been X-rayed st least once, an sdditional
240-500 cases can be asskmed to be missing from a theoretically complete sexies
due to this bias alone.

Another justifiable cotcern about the eage series is the accuracy of diagnoses
given the limitations of the available data and the use of a single clinician (M.R.C.)
us the diagnostic standard. This is especially truc of the six apparcnt malignancies, of
which only ¢wo (both malignant mesotheliomas) were patholegically confirmed. To
a lesser extent, this is also a problem with the asbestosis cases, in which other, albeit
less probable, causes could rarely be excluded from the records. Similarly, the m-
diographic eategorization may certainly be askew when based ¢n the judgément of a
single reader [Musch et al., 1985]. This is unlikely to inwoduce too much overdiag-
nosis, however, since each film had already been judged (o represent asbesiosis by the
Medicel Panel,

These problems notwithstanding, the data appear to confirm that each of the
major diseases associated with asbestos in other countries—ashestosis, mesothe-
lioma, nanmalignant pleural disease, and carcinoms of the lung—all occor among
Zimbabweans cxposed exclusively to the domestic chrysotile industry. Obviously
very little can be said quantitatively about the cancers from this series, since case
ascertatnment and confirmation ae so far from complete; even if thay were complete,
comparisons would be difficult because of the lack of adequate mortality data among
urexposed men in the popalation from which the miners and millers were drawn.
Nonetheless, this is the first report to confirm the occunrence of these most dread
comsequences of asbestos cxposure and should serve to emphasize the need to develop
diagnostic vigilmce among physicians who treat exposed workers and enhanced
surveillance strategics at the mines and natonatly.
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